Study Design Validation study of a morphological grading system for central lumbar spinal stenosis. Objective To evaluate and validate the inter-and intraobserver agreement of a morphological grading system for central lumbar spinal stenosis on magnetic resonance imaging between neurosurgeons and radiologists. Methods Two neurosurgeons and two radiologists independently assessed the morphological grading of lumbar spinal stenosis on pretreatment magnetic resonance imaging of 84 patients. Inter-and intrarater agreements were calculated by comparing the observers' evaluations level to level on the grading method. The results of both clinicians were compared with the assessment of both radiologists. Results On axial magnetic resonance images, 189 lumbar disk levels were evaluated for the grade of stenosis. The interobserver agreement between the clinicians was substantial. The interobserver agreement between clinician 1 and both radiologists was substantial, and it was moderate between clinician 2 and both radiologists. The clinicians' intraobserver agreement was almost perfect, and the radiologists' intraobserver agreement was substantial. Conclusions The interobserver agreement of this morphological grading for lumbar spinal stenosis was high between both the clinicians and radiologists, whereas the intraobserver agreement was almost perfect. Experienced clinicians may safely evaluate lumbar magnetic resonance images using this morphological grading for central lumbar spinal stenosis.
Introduction
Management of lumbar spinal stenosis (LSS) can be challenging and requires the integration of patients' symptoms, clinical findings, and results of diagnostic imaging. Magnetic resonance (MR) imaging is the most commonly used imaging modality for diagnosing LSS. 1 Dural sac crosssectional area (DSCA) is frequently used to quantify the space available for the spinal nerve roots in patients with central LSS. Radiologists can measure these areas using dedicated computer software. The discrepancy between DSCA and symptoms, 2,3 and the fact that area measurements are not always readily available in daily clinical practice, may challenge treating clinicians to rely on their own visual assessment of MR images without any radiologic measurement. A new system, which evaluates the morphology of central LSS on T2-weighted axial MR images, has been introduced by Schizas et al. 4 A morphological grade of central LSS from A to D is determined based on the space available for the nerve rootlets within the cerebrospinal fluid in the dural sac and the presence of epidural fat. The inter-and intraobserver agreements of DSCA and this morphological grading system between radiologists were recently found acceptable. Furthermore, the correlation between both methods was considered strong. 5 For experienced spine surgeons, this morphological grading system may represent a feasible and fast method to evaluate MR images in patients with central LSS. If new methods and gradings are introduced, external validation is required. This morphological grading system presented by Schizas at al has not yet been validated between radiologists and clinicians.
The aim of this study was to validate the inter-and intraobserver agreement of a recently introduced morphological grading system for central LSS on MR imaging between clinicians treating patients with LSS and experienced radiologists.
Materials and Methods

Patient Population
Preoperative MR images from 84 patients included in a national multicenter randomized controlled trial (RCT) comparing two different surgical methods in the treatment of LSS (ClinicalTrials.gov identifier: NCT00546949) were included in the study. 6, 7 The mean age was 68 years; 44 (52%) were women. All patients had one-(76%) or two-level (24%) stenosis. The radiologic grading method was not used to determine eligibility in the RCT, and the radiologic evaluation was performed after the primary RCT was completed. The inclusion criteria was: age 50 to 85 years, neurogenic claudication with relief of symptoms by flexion of the lumbar spine, walking distance less than 250 m before symptoms, duration of symptoms > 6 months, and T2-weighted MR images showing central LSS measured by DSCA in one or two levels from L2 to L5 on axial images. Experienced spine surgeons clinically evaluated the patients before inclusion.
Image Evaluation
Images were provided by three university hospitals and three district hospitals, using 1.5-T MR imaging systems and stored as Digital Imaging and Communications in Medicine (DICOM) files. All patients had sagittal T1-and T2-weighted images of the lumbar spine. LSS suspected on sagittal T2-weighted images was confirmed by obtaining axial T2-weighted images at the stenotic levels. Based on a visual assessment of signalto-noise ratio, image contrast, and the presence of artifacts, the image quality was rated by a neuroradiologist as good in all patients. Two clinicians and two radiologists independently evaluated all images. Both clinicians are consultant neurosurgeons who treat patients with LSS on a regular basis and annually perform 80 to 100 lumbar spine surgeries each. Both radiologists have long experience in evaluating lumbar MR images. One of the radiologists is head of the neuroradiology section at a university hospital, whereas the other is a highly experienced consultant radiologist with a long-standing interest in neuroradiology and orthopedic radiology. All four observers were blinded for patient history, clinical symptoms, and the operated level. Morphological grading (A to D) was scored on axial MR images in the available disk levels between the second and the fifth lumbar vertebra and was based on the cerebrospinal fluid versus rootlet ratio as seen on axial T2-weighted images. This grading method, shown in ►Fig. 1, is based on the original publication by Schizas et al. 4 The original publication defined four subgroups of grade A. In our study, we did not use these subgroups because all subgroups of grade A are defined as no or minor stenosis.
In total, 189 axial disk levels were evaluated by all four readers with 37 at level L2-L3, 70 at level L3-L4, and 82 at level L4-L5. For intraobserver agreement analysis, the images of 20 patients with 40 axial disk levels were reevaluated after 2 months.
Statistics
Inter-and intraobserver agreements were evaluated. Linear weighted kappa (k) was analyzed by comparing the observer's evaluations level to level on the grading method. The interpretation of linear weighted k is presented in ►Table 1. 8 The results of both clinicians were compared with the assessment of both radiologists. The weighted k was calculated using online freeware, available at http://vassarstats.net/kappa.html.
Ethics
The regional ethic committee for medical research approved the study and all patients gave informed consent.
Results
The interobserver agreement in the morphological grading of LSS assessed by the two clinicians was substantial, and the linear weighted k was 0.76 (95% confidence interval [CI] 0.69 to 0.83). The interobserver agreement between the two radiologists was substantial with a linear weighted k of 0.65 (0.56 to 0.74). The interobserver agreement between clinician 1 and both radiologists was substantial, and it was Global Spine Journal Vol. 5 No. 5/2015 moderate between clinician 2 and both radiologists. The numbers are presented in ►Table 2.
The clinicians' intraobserver agreement was almost perfect, with a linear weighted k of 0.96 (95% CI 0.89 to 1.00) for clinician 1 and 0.95 (95% CI 0.89 to 1.00) for clinician 2. The radiologists' intraobserver agreement was substantial for radiologist 1 with a linear weighted k of 0.78 (95% CI 0.65 to 0.92), and almost perfect for radiologist 2 with a linear weighted k of 0.81 (95% CI 0.68 to 0.94).
Discussion
In this study, we validated inter-and intraobserver agreements of a morphological grading method for central LSS on MR imaging between radiologists and clinicians. We found substantial interobserver agreement between radiologists and clinicians and almost perfect intraobserver agreement for this morphological grading system. Our results show that experienced clinicians may independently evaluate lumbar MR images using this morphological grading system for LSS. The highest interobserver agreement was found between the clinicians, representing a substantial interobserver agreement. Similarly, a substantial agreement was found between the radiologists. The interobserver agreement between the clinicians and radiologists was moderate. The intraobserver agreement was almost perfect for the evaluated grading method, and the values for the clinicians' intraobserver agreement were even higher than for the radiologists.
When new methods or gradings are introduced, external validations of previous study results are warranted. Our results are in agreement with previous studies evaluating this morphological grading system. 4,5 Furthermore, this grading method seems to have a similar or even higher strength of interobserver agreement compared with other common morphological imaging classifications for degenerative lumbar disk disorders. [9] [10] [11] Our interobserver agreement is almost equal to what was recently reported for the fourstaged Lee grading. However, the interobserver agreement for clinicians was not tested for the Lee grading. 12 There are several advantages to using morphological methods for grading of central LSS compared with a quantitative method like DSCA. Morphological grading is performed by a rapid visual assessment, and even though it is a subjective method, it still has high inter-and intraobserver agreements. The evaluation is performed by assessing the axial MR images, and there is no need for more timeconsuming computer-based measurements. The angulation of the axial images does not seem to impact morphological grading, whereas the area measurement may be influenced if the image plane of the axial MR images is not perpendicular to the disk space. 13 The combined task forces of the North American Spine Society, the American Society of Spine Radiology, and the American Society of Neuroradiology have recently updated their recommendations for the classification of the degree of spinal canal compromise. A compromise of less than one third of the canal at the evaluated section is classified as "mild," between one and two-thirds as "moderate," and greater than two-thirds as "severe." 14 However, other classifications are widely used and the morphological grading system used in this study is also a practical, objective, and reasonably precise classification.
Based on our study results, an experienced clinician who treats LSS on a regular basis can quickly assess the morphology of LSS on MR images. However, a morphological grading system cannot replace a comprehensive radiologic description of lumbar MR images. The grading system introduced by Schizas can be used to get a quick and easy impression of the morphology of LSS both in clinical and research context. Moreover, a survey among clinicians treating patients with LSS shows that in current clinical practice LSS is likely to be better assessed according to morphology rather than area measurement. 15 Our results show that experienced clinicians also are capable to assess the morphology of LSS on MR imaging with substantial interobserver agreement and almost perfect intraobserver agreement. However, this grading system is only suited to classify central LSS. Lateral recess stenosis or intra-and extra foraminal stenosis with impairment of the exiting nerve root cannot be classified by this system.
The grading system used in our study has not been tested on asymptomatic individuals, and radiologic severity of LSS is not a proven predictor for outcome after surgical treatment of patients with LSS. Moreover, the patient selection for our study is not representative for the standard population of patients with symptomatic LSS as all patients in this study were recruited from an RCT with rigorous inclusion and exclusion criteria. This fact may limit the external validity in our study.
Conclusions
This study validated the inter-and intraobserver agreement of the Schizas morphological grading system for central LSS between radiologists and clinicians. The interobserver agreement was high between both clinicians and radiologists, whereas the intraobserver agreement was almost perfect. Experienced clinicians may safely evaluate lumbar MR images using this morphological grading system for central LSS.
